Biofilm form and function: carbon availability affects biofilm architecture, metabolic activity and planktonic cell yield.
To investigate carbon transformation by biofilms and changes in biofilm architecture, metabolic activity and planktonic cell yield in response to fluctuating carbon availability. Pseudomonas sp. biofilms were cultured under alternating carbon-replete and carbon-limited conditions. A shift to medium without added carbon led to a 90% decrease in biofilm respiration rate and a 40% reduction in planktonic cell yield within 1 h. Attached cell division and progeny release were shown to contribute to planktonic cell numbers during carbon limitation. Development of a significantly enlarged biofilm surface area during carbon limitation facilitated a rapid increase in whole-biofilm metabolic activity, cell yield and biomass upon the re-introduction of carbon after 8 days of limitation. The cumulative number of planktonic cells (>10(10) CFU) released from the biofilm during the cultivation period contained only 1·0% of the total carbon available to the biofilm, with 6·5% of the carbon retained in the biofilm and 54% mineralized to CO(2) . Biofilm-derived planktonic cell yield is a proliferation mechanism. The rapid response of biofilms to environmental perturbations facilitates the optimal utilization of resources to promote both proliferation and survival. Biofilms function as efficient catalysts for environmental carbon transformation and mineralization. A greater understanding of the relationship between biofilm form and function can inform strategies intended to control and/or promote biofilm formation.